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METHOD FOR PERFORMING
TRANSACTIONS IN A WIRELESS LOCAL
AREA NETWORK

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional

Application No. 60/449,539, filed Feb. 21, 2003 and assigned
to Motorola, Inc.

TECHNICAL FIELD

The mnvention relates generally to the field of communica-
tions, and more particularly to a method of transmitting traffic
between an access point and a plurality of portable devices.

BACKGROUND OF THE INVENTION

Generally, wireless local area networking (WLAN)
devices must support two channel access methods, namely,
contention-based access and polling driven access. Conten-
tion based access allows any wireless terminal or access point
to capture the channel and transmit a data frame after moni-
toring the channel in accordance with carrier sensing proce-
dures. When using the polling driven access procedure, on the
other hand, all frame exchanges are initiated by an access
point, either through a polling signal or by simply transmit-
ting data from the access point to one of a plurality of stations.
Either contention based or polling driven access techniques
may be used to transport voice traific between an access point
and a plurality of wireless terminals, and extensions to both
techniques are available to provide service differentiation
between voice and data traffic classes sharing a single WLAN
channel. However, the frame exchange sequences defined by
both procedures are iefficient when used to deliver voice
traffic between an access point and a plurality of stations.
Additionally, neither technique offers adequate support for
power savings operations in a wireless terminal that 1s trans-
mitting and recerving voice tratfic.

ANSI/IEEE Standard 802.11, 1999 Edition (hereinafter
“the 802.11 standard”), deﬁnes two different methods of
accessing the channel. Section 9.3 of the 802.11 standard
defines a polling-based contention-iree access method. Sec-
tion 9.2 of the 802.11 standard defines a carrier sensing con-
tention-based access method.

The WLAN 1frame exchange sequence using the conten-
tion-free access method 1s illustrated in FIG. 1. Under this
method, a communication device such as a mobile terminal
(MT), wakes up prior to each beacon transmission and waits
to be polled by the access point (AP). The duration between
transmission of the beacon and receipt of a polling message at
a particular MT can depend on the loading level of the net-
work as well as the scheduling algorithm at the AP. Along
with the polling message, the AP also transmits a downlink
voice packet. Then, the MT responds with an acknowledge-
ment (ACK) to the downlink voice packet and an uplink voice
packet destined to the AP. Upon successtul reception of the
ACK and uplink voice packet, the AP acknowledges the suc-
cessiul reception by sending an acknowledgement message
to the MT. Following a successtul frame exchange sequence,
the M'T can stop monitoring the channel and turn off 1

1ts radio
transceiver. It should wake up again to recerve the next beacon

transmission. Because the frame exchange sequence depicted
in FIG. 1 has to be mitiated by the AP, the MT has to be alert
at all times waiting for the initiation. This causes a power
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drain on the MT’s battery, which on average, 1s proportional
to the number of MTs on the polling list for a particular AP.

FI1G. 2 shows a prior art method 200 of polling 1n a wireless
local area network. The method 1llustrated 1n FIG. 2 1s similar
to the method illustrated 1n FIG. 1, except that the 1nitial poll
frame 202 does not contain any data, and 1s only a polling
frame. In this istances, the polling station seeks to receive
data from the polled station, here the MT. In response to the
polling frame, after a short interframe space (SIFS) time
period 204, the polled station sends a data packet 206 to the
polling station. After another SIFS 208, the polling station
acknowledges receipt of the data by sending an acknowledg-
ment frame 210.

The problem with the prior art method of polling 1s that it
1s driven by the AP, and requires the MT to remain on for long
periods, which consumes significant battery life. One solu-
tion to this 1s to let the mobile terminals control polling, as 1s
described in pending U.S patent application No. 60/421490,
filed Oct. 25, 2002, titled “Method Of Communication
Device Imitiated Frame Exchange,’and assigned to the
assignee of the present application, the disclosure of which 1s
hereby incorporated by reference. While allowing the mobile
terminals to control polling could allow for better manage-
ment of power consumption, 1t has been found that many
access point controllers cannot respond fast enough because
the AP must locate data for the MT, place 1t 1n a transmit
butler, and then transmit 1t. Since a SIFS time period 1s on the
order of 9 to 20 microseconds, AP equipment 1s not always
able to respond 1n time. Therefore, there 1s a need whereby a
mobile terminal can power down for longer periods, but allow
an AP time to respond to a polling frame.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a WL AN frame exchange sequence using the
contention-iree access method 1n accordance with the prior
art;

FIG. 2 shows a prior art method of polling in a wireless
local area network:

FIG. 3 shows a block diagram of a system that can be used
to 1mplement the communication device initiated frame
exchange method of the present invention;

FIG. 4 shows a signal tlow diagram of a first embodiment
ol a method for performing a network transaction in a wire-
less local area network, 1n accordance with the invention;

FIG. 5 shows a signal flow diagram of a second embodi-
ment of a method for performing a network transaction in a
wireless local area network, 1n accordance wit the invention;

FIG. 6 shows a signal flow diagram of a third embodiment
ol a method for performing a network transaction in a wire-
less local area network, 1n accordance with the invention;

FIG. 7 shows a signal flow diagram of a fourth embodiment
ol a method for performing a network transaction in a wire-
less local area network, 1n accordance with the invention;

FIG. 8 shows a flowchart diagram of a method of perform-
ing a network transaction in a wireless local area network, 1n
accordance with the invention; and

FIG. 9 shows a tlow chart diagram for a method of per-
forming a network transaction in a wireless local area net-
work at a polled station, 1n accordance with the mnvention.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

While the specification concludes with claims defining the
features of the invention that are regarded as novel, 1t 1s
believed that the invention will be better understood from a
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consideration of the following description in conjunction
with the drawing figures, 1n which like reference numerals are
carried forward.

The 1nvention solves the problem of slow access point
response by allowing the access point to send at least one
delay frame, followed by a non-delay frame. In the time 1t
takes to transmit the delay frame, the access point equipment
can buifer any data 1t has to send to the mobile terminal and
send 1t after the delay frame. If no data 1s present to send to the
mobile terminal, then the access point sends a null frame,
indicating to the mobile terminal that no data was present.

Referring now to FIG. 3, there 1s shown a block diagram
300 of a system that can be used to implement the communi-
cation device 1nitiated frame exchange method of the present
invention. To support telephony voice over a wireless local
area network (WLAN) 301, the access point (AP) 304 must
be able to exchange voice frames with a plurality of mobile
terminals (MT) 302, 303, as shown in FIG. 3. The voice
frames generated by the MT's 302, 303, and destined to the AP
304, are referred to herein as uplink tratfic. Additionally, the
voice frames arriving from the network 306 (based on voice

traffic from a public switched telephone network (PSTN)
308, for example) and destined to the MT 302, 303 1s referred

to herein as downlink traific. The AP 304 has a memory 305
for storing voice frames recerved from the wired network
until the particular M'T for which they are bound polls the AP.
Under the present mvention, the MTs 302, 303 associate
themselves with a nearby AP 304, and exchange voice frames
with the AP 304. According to the preferred embodiment of
the invention, the mobile terminals share the channel 310, and
control polling.

In the present invention, the inter-arrival time between
voice packets 1s related to a service interval. In particular, a
service mnterval i1s defined as the average inter-arrival time
between voice frames comprising either uplink or downlink
traffic. Generally, a wireless station 302, 303 or a voice gate-
way 1n the network 306 generates one voice frame per service
interval, just prior to an expected packet arrival time. The
expected packet arrival time for voice frame N+1 i1s the
expected packet arrival time for voice frame N plus the length
of the service interval. While the actual arrival time of packets
can vary, due to variable processing loads or network delays,
the service interval remains constant, and 1s based on the
frame 1nterval of the voice coder or vocoder utilized at each
side of the wireless call. The expected arrival time, however,
1s generally unique for each of a plurality of MTs.

Referring now to FIG. 4, there 1s shown a signal flow
diagram 400 of a first embodiment of a method for perform-
ing a network transaction in a wireless local area network, 1n
accordance with the invention. While, according to the pre-
terred embodiment, the polling station 1s the mobile terminal
and the polled station 1s the access point equipment, 1t 1s
contemplated that the method may be used with the access
point as the polling station and the mobile terminal being the
polled station. The polling station MT commences the pro-
cedure by waking up and sending a polling frame 402 to the
access point after successiully acquiring the channel. The
polling frame here 1includes a data packet, such as voice data
or a voice Irame, which 1s sometimes referred to as a quality
of service (QoS) data packet because the AP has reserved
certain resources to maintain a voice-quality link, as 1s known
in the art. After a first SIFS 1interval 404 the polled station,
here the access point equipment, responds with a delay frame
406. Since the AP may not be able to determine 11 1t has data
available to send to the polling station, the polled station
merely transmits an acknowledgement in the first delay frame
to 1ndicate receipt of the data packet transmitted by the poll-
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4

ing station in the polling frame 402. After a second SIFS
interval 408, the polled station has had time to load data to be
sent to the polling station, and sends a non-delay frame 410
including a data packet, such as voice data or a voice frame.
After a third SIFS 1nterval 412, the polling station acknowl-
edges receipt of the data by transmitting an acknowledgement
414. Subsequent to sending the acknowledgment frame, the
polling station, if a mobile terminal, may go back to low
power mode, or sleep. In some slower stations, more than one
delay frame may be necessary before sending the non-delay
frame. The non-delay frame indicates to the polling station
that no more transmission will be coming from the polled
station for the present transaction cycle. Referring now to
FIG. §, there 1s shown a signal flow diagram 500 of a second
embodiment of a method for performing a network transac-
tion 1n a wireless local area network, 1n accordance with the
invention. Here the method 1s the same as that shown 1n FIG.
4, except that the polled station has no data to transmit to the
polling station, so the non-delay frame sent 1s a null frame
502. When the non-delay frame 1s a null frame, the mobile
terminal enters sleep mode after recerving the null frame.

Referring now to FIG. 6, there 1s shown a signal flow
diagram 600 of a third embodiment of a method for perform-
ing a network transaction in a wireless local area network, 1n
accordance with the invention. In this mstance the polling
station has no data to send in the polling frame 602 after
waking up from low power mode. Since no data was sent, the
delay frame 604 does not contain an acknowledgement.
Instead the polled station may send a clear to send frame for
the delay frame. In the preferred embodiment, the non-ac-
knowledgement delay frame 1s sent by the polled station to
itself That1s, the media access control (MAC) address used 1n
the frame corresponds to the polled station. The polling sta-
tion will recerve the delay frame, but upon reading the MAC
address, 1t will ignore 1t. In this instance the polled station has
data to send to the polling station and does so 1n a non-delay
frame 606, which 1s acknowledged with an acknowledgement
frame 608 by the polling station. Subsequent to the acknowl-
edgement frame, the mobile terminal may go back to sleep.
FIG. 7 shows a signal flow diagram 700 of a fourth embodi-
ment of a method for performing a network transaction in a
wireless local area network, 1n accordance with the invention.
Here the polled station has no data to send, so the non-delay
frame sent subsequent to the delay frame 1s a null frame 702.
As before, after recerving the null frame the mobile terminal
can go back into sleep mode.

Referring now to FIG. 8, there 1s shown a flowchart dia-
gram 800 of a method of performing a network transaction 1n
a wireless local area network, in accordance with one
embodiment of the invention. At the start 802, the mobile
terminal and access point have set up a call, which means
there 1s a voice circuit established to the public switched
telephone network from the access point over which the user
of the mobile terminal may communicate with another party.
During call set-up, the access point may indicate the number
of delay frames 1t will transmuit 1n response to a polling frame
so the polling stations can anticipate when the non-delay
frames may be sent. According to the invention, the mobile
terminal 1s 1nitially 1n a low power mode to conserve power.
While in the low power mode, the mobile terminal 1s not able
to transmit or recerve information because critical hardware
components have been turned oif so as not to consume power.
When the time comes to transmit a poll (804), the mobile
terminal must wake up 1ts wireless local area network com-
ponents by turning tern on. The first thing the MT must do
alter waking up the wireless local area network circuitry 1s
determining 11 there 1s data to send (806). If the user of the M T
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has been speaking, the speech signal will have been voice
encoded, or vocoded, and the voice data will be butfered in an
outbound or uplink memory of the MT. as 1s known 1n the art.
I1 there 1s no voice data present to transmit the MT sends or
transmits & polling frame (808). After transmitting the poll-
ing frame, the polled station will send at least one delay
frame. While the polling station will recerve the delay frame
or frames at the physical layer, no data such as voice data 1s
actually received in the sense of passing data from the
receiver to other parts of the poling station. If the polled
station 1s fast enough, it may reply without having to send a
delay frame, and the polling station may receive a valid non-
delay frame (810) 1n response to the polling frame. The non-
delay frame may be a data frame 11 the polled station has data
to transmit to the polling station, or 1t may be a null frame. IT
the polled station 1s slower and requires at least one delay
frame to load and send data, as anticipated by the ivention,
ten the polling station will recerve the delay frame and non-
delay frame (812). Once the polling station has finished
receiving, 1i it received a data packet or data frame, then the
polling station sends an acknowledgement frame (814). If the
polled station had no data to send, then no acknowledgement
needs to be sent. At this point the transaction 1s complete
(816) and the mobile terminal can put the WLAN hardware
back in low power mode.

If, upon waking up, the polling station does have data to
transmit, the polling station sends the data in the polling
frame (818). If the Foiled station 1s fast enough, and has data
to transmit, 1t will transmit both an acknowledgement and a
data frame (820). 11 the polled station n: slower, and requires
at least one delay frame, the polled station will transmit an
acknowledgment frame (822) which acts as a delay frame.
After recerving the acknowledgement, the polling station
then receives any other delay frames, and a non-delay frame
(812). I the non-delay frame included data, ten the polling
station sends an acknowledgement frame (814). After send-
ing the acknowledgment frame, or if the non-delay frame was
a null frame, then the polling station goes back to sleep (816).
It after sending the polling frame with data, the polling station
does not receive an acknowledgement frame within an
expected period of time, the polling station. commences
resend and repoll procedures (824). If polling station does
receive a valid delay frame, but fails to recerve a non-delay
frame within an expected period of time, the polling station
commences repolling procedures (826). 11 the polled station
does not receiwve data i the polling frame (916), then the
polled station sends a delay frame such as a clear to send
(CTS) frame, as described heremnabove. Then, as before, the
polled station checks to see 1f data needs to be transmitted to
the polling station, and commences as before if so. When
there 1s no data to be sent to the polling station, the non-delay
frame sent 1s a null frame (920). I the polled station did send
data to the polling station, but does not receive an acknowl-
edgement from the polling station, the polled station builers
the data for retransmission (922). If possible, the polled sta-
tion will retransmait the data in the present cycle time frame,
but 11 time has expired, and the polling station 1s required to
cede the channel, the polled station may retain the data 1n a
butler for quick transmission 1n the next transaction, 1n addi-

tion to other data, if any other data arrives at the polled station,

While the preferred embodiments of the invention have
been 1llustrated and described, 1t will be clear that the inven-
tion 1s not so limited. Numerous modifications, changes,
variations, substitutions and equivalents will occur to those
skilled in the art without departing from the spirit and scope of
the present invention as defined by the appended claims.
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What 1s claimed 1s:

1. A method for a mobile terminal to perform a network
transaction 1n a wireless local area network that includes a
wireless access point, the method comprising;:

awaking from a low power mode;

sending a polling frame to the access point after awaking
from the low power mode;

recerving at least one delay frame from the access point 1n
response to the polling frame

temporarily ceasing a procedure for repolling the access
point responsive to recewving the at least one delay
frame:

subsequent to recerving the at least one delay frame and
temporarily ceasing the procedure for repolling the
access point, recerving a non-delay frame from the
access point in further response to the polling frame; and

returning to the low power mode after receiving the non-
delay frame.
2. The method of claim 1, wherein the polling frame
includes a data packet.
3. The method of claim 2, wherein the at least one delay
frame 1ncludes an acknowledgment indicating receipt of the
data packet.

4. The method of claim 1, wherein the non-delay frame
includes a data packet.

5. The method of claim 4, further comprising:

alter receiving the data packet and before returming to the
low power mode, transmitting an acknowledgment to
the access point indicating receipt of the data packet.

6. The method of claim 2, wherein the data packet 1s a
quality of service data packet.

7. The method of claim 1, wherein the polling frame
excludes a data packet.

8. The method of claim 1, further comprising;

during an 1itial call set up with the access point, receiving,
from the access point an indication of the number of
delay frames to be sent by the access point during the
network transaction.

9. The method of claim 1, wherein the non-delay frame
includes a null frame.

10. The method of claim 1, wherein the at least one delay
frame includes a media access control address identifying the
access point as an intended target of the at least one delay
frame.

11. A method for a wireless access point to perform a
network transaction 1 a wireless local area network that
includes at least one mobile terminal, the method comprising:

recerving a polling frame from a mobile terminal;

sending at least one delay frame to the mobile terminal 1n
response to receiving the polling frame, the at least one
delay frame el

ecting a temporary cessation of a proce-
dure at the mobile terminal for repolling the access
point; and

subsequent to sending the at least one delay frame and prior
to receiving another polling frame from the mobile ter-
minal, sending a non-delay frame to the mobile terminal
in further response to the polling frame.

12. The method of claim 11, wherein the polling frame
includes a quality of service data packet.

13. The method of claim 12, wherein the at least one delay
frame 1ncludes an acknowledgment indicating receipt of the
data packet.

14. The method of claim 11, wherein the non-delay frame
includes a data packet.
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15. The method of claim 14, further comprising:

after sending the data packet, receiving an acknowledg-
ment from the mobile terminal indicating that the mobile
terminal received the data packet.

16. The method of claim 11, wherein the polling frame

excludes a data packet.

17. The method of claim 11, turther comprising;:

during an 1nitial call set up with the mobile terminal, send-
ing to the mobile terminal an indication of the number of

delay frames to be sent to the mobile terminal during the 10

network transaction.

18. The method of claim 11, wherein the non-delay frame
includes a null frame.

19. The method of claim 11, wherein the at least one delay
frame 1includes a media access control address 1dentifying the
access point as an intended target of the at least one delay
frame.

20. A method for performing a network transaction in a
wireless local area network that includes a first wireless sta-
tion and a second wireless station, the method comprising:

5

15

8

awaking, by the first wireless station, from a low power
mode;

sending, by the first wireless station, a polling frame to the
second wireless station after awaking from the low
power mode;

receving, by the first wireless station, at least one delay
frame from the second wireless station 1n response to the
polling frame;

temporarily ceasing, by the first wireless station, a proce-
dure for repolling the second wireless station responsive
to receiving the at least one delay frame;

subsequent to receiving the at least one delay frame and
temporarily ceasing the procedure for repolling the sec-
ond wireless station, receiving, by the first wireless sta-
tion, a non-delay frame from the second wireless station
in further response to the polling frame; and

returning, by the first wireless station, to the low power
mode aifter recerving the non-delay frame.




	Front Page
	Drawings
	Specification
	Claims

